OBJECTIVE: Although research suggests that adolescents, particularly girls, may avoid dairy products due to concerns that these foods are 'fattening,' the longitudinal relation between consumption of dairy foods and relative weight status during adolescence has not been explored. Using data from the MIT Growth and Development Study, a longitudinal study designed to assess the metabolic, dietary, and behavioral factors that predict changes in body composition with growth and development in girls during the adolescent period, the current analysis was undertaken to examine the relation of dairy food intake with relative weight status and percentage body fat (%BF). SUBJECTS: A total of 196 nonobese premenarcheal girls 8-12 y old were enrolled between 1990 and 1993. Girls were followed until 4 y postmenarche. MEASUREMENTS: At each annual follow-up visit, data were collected on %BF by BIA, body mass index (BMI) z-score, and dietary intake (assessed by FFQ). The present analysis is limited to the 178 girls who have at least three annual visits and who have valid anthropometric and food frequency data. In all, 1198 individual measurements were analyzed. RESULTS: At study entry, participants had a mean (s.d.) BMI z-score of À0.27 (0.89), a mean (s.d.) %BF of 23.4 (4.7), and obtained 19.9% (9.2) of daily calories from dairy foods. Linear mixed effects modeling indicated no relationship between BMI z-score or %BF and measures of dairy food or calcium consumption. CONCLUSION: Avoidance of dairy foods due to a possible association with relative body weight is not supported by these findings. We find no evidence that dairy food consumption is associated with BMI z-score or %BF during adolescence, but further research specifically designed to address this question is needed.
Introduction
The attainment of an optimal peak bone mass during adolescence is important for the prevention of osteoporosis later in life. Studies in children and adolescents have shown that calcium consumption, in the form of supplements and as dairy foods, positively influences bone mass, making it an important modifiable risk factor. [1] [2] [3] [4] Although dairy foods provide the majority of calcium in the diets of children and adolescents, [5] [6] [7] [8] inadequate calcium intake among American youth has been well documented. 6, 9, 10 An analysis of dietary data from four US Department of Agriculture (USDA) surveys showed that calcium consumption among 11-18 y olds decreased significantly from 1100 mg in 1965 to 960 mg in 1994-1996. 11 Several factors may explain the decrease in calcium intake among children, chief among them a decline in milk consumption, an increase in juice and soda consumption, and an increase in the number of meals children eat away from home, which is of concern because the calcium density of restaurant or fast food meals is lower than for home-prepared foods. 12 The increasing prevalence of unhealthful dieting practices may also adversely affect dairy food consumption, especially among adolescent girls. [13] [14] [15] Research indicates that adolescents may reduce dairy food consumption due to fears about weight gain and misperceptions that milk and other dairy foods are fattening. 14, 16, 17 Teenage girls have cited losing weight as a reason for reducing dairy food consumption. 18 In contrast to the notion held among adolescent girls that dairy foods will cause weight gain, recent research suggests an inverse relation of dairy food and calcium consumption with weight or fatness measures. Cross-sectional analyses conducted among adults have shown that calcium intake is a significant negative predictor of BMI and percent body fat (%BF). [19] [20] [21] Longitudinal analyses conducted in adults have
shown that increased levels of calcium or dairy foods are negatively associated with changes in body weight. [21] [22] [23] Among children, a study of the relation between nutrient intake and body composition in preschool children found that calcium and dairy food consumption were significant negative predictors of %BF. 24 In vitro and animal studies have led to the development of a proposed mechanism by which calcium might affect the regulation of body weight. These laboratory data suggest that increasing dietary calcium may lessen diet-induced adiposity by modulating adipocyte intracellular Ca 2+ and thereby regulating lipogenesis and lipolysis. 20 Although a few prior studies report the use of longitudinal study designs, change in body composition measures was typically assessed using a simple pre/postcomparison, which fails to give a complete description of the pattern of change over time. Longitudinally collected data requires special techniques for analysis because observational studies often have unbalanced designs and/or missing data, and because repeated measurements taken on the same individual are correlated with each other. The objective of this analysis was to examine the relation of dairy food consumption with changes in weight status and body fat in girls from preadolescence through adolescence, using annual data from a 10-y longitudinal study of growth and development in girls. Our hypothesis was that consumption of dairy foods would not be associated with either increases or decreases in body weight over the adolescent period.
Methods

Study sample
The data for this analysis derive from the Massachusetts Institute of Technology (MIT) Growth and Development Study, a prospective study designed to examine the relation of energy expenditure to growth and development in girls from preadolescence to adolescence. Girls (n ¼ 196) were recruited between the fall of 1990 and the spring of 1993 from public schools in Cambridge and Somerville, Massachusetts, the MIT summer day camp, as well as through contact with family and friends of faculty. At study entry (baseline), all girls were between 8 and 12 y old, premenarcheal, and nonobese based on a triceps skinfold thickness (TSF) r85th percentile for age and sex according to NHANES I. 25 All participants were in good health as assessed by physical examination and medical histories. On the anniversary of their baseline visit, participants returned for measurements every year until 4 y postmenarche (study exit). If girls had not started menses at their annual visit, they were encouraged to telephone when they experienced their first menstrual period. Because most girls did not call, they were queried regarding menarche at each follow-up visit until menarche was reported. The study was approved by the Committee on the Use of Humans as Experimental Subjects at MIT and by the Human Investigations Review Committee of the New England Medical Center.
Dietary assessment
All participants completed a Willett semiquantitative food frequency questionnaire (FFQ) at each annual follow-up visit. The questionnaire was specially designed for children based on a validated semiquantitative FFQ for adults. Similar to the adult version, the questionnaire was designed to be self-administered; however, participants were given verbal and/or written instructions on how to properly complete the forms. The food composition database used to calculate levels of intake for calories and nutrients was based on publications from the USDA, laboratories, and manufacturers. Calories and nutrient intakes were calculated by multiplying the frequency of consumption by the nutrient composition for the portion size for each specific food listed. Calories and nutrients were then summed across all foods to obtain total levels of all calories and nutrients for each individual. Servings of specific dairy foods were converted into daily servings and total daily servings of dairy foods was calculated by summing across all dairy foods. The percent of daily kilocalories from dairy foods was calculated by adding the calories from each individual dairy food and dividing by total daily kilocalories. Calcium from dairy foods was calculated by adding the amount of calcium from each individual dairy food.
Other analyses conducted in this cohort indicate that the FFQ provides a reasonable estimate of dairy intake. We found Dairy food consumption and body weight in girls studied longitudinally SM Phillips et al that dairy food consumption estimated from the FFQ correlated well with dairy food consumption reported on 7-day diet records at baseline and study exit (Spearmans' R at study exit for skim milk ¼ 0.68; whole milk ¼ 0.50; cheese ¼ 0.49; ice cream ¼ 0.43; correlation is between FFQ estimate and diet record estimate, unpublished observations).
Anthropometry
At each annual follow-up visit, height and body weight were measured in the morning. Height was measured to 0.1 cm with a wall-mounted stadiometer. Weight was measured in a hospital gown using a Seca scale accurate to 0.1 kg. Body mass index (BMI) was calculated as weight in kilograms/ height in meters squared. BMI z-score was calculated using the revised Centers for Disease Control and Prevention (CDC) growth reference standards. 26 Bioelectrical impedance analysis (BIA) was used to measure resistance (R) and reactance after an overnight fast or 2-h postprandial (Bioelectrical impedance analyzer, BIA 101, RJL Systems, Clinton Township, MI, USA). The accuracy of the machine was checked before the measurement with a 500 O resistor supplied by the manufacturer. Measurements were taken with the subject supine and electrodes were then placed on the dorsal surface of the right foot and ankle, and right wrist and hand. A current was applied at a frequency of 50 kHz.
Percentage body fat (%BF) was estimated using prediction equations developed in this cohort, using measures of total body water (TBW) by isotopic dilution of H 2
18
O as the criterion method. Separate equations were used depending on the menarcheal status of the participant. We found that %BF estimated from our equation closely approximates %BF estimated by H 2 18 O in our cohort. 27 Physical activity and inactivity measures Participants completed a questionnaire at each annual follow-up visit designed to identify usual patterns of physical activity. Participants were presented with two 24-h timetables (school day and weekend day) and asked to recall, on an hourly basis, their participation in five types of activities during each time block: sleeping or lying down, sitting, standing, walking, vigorous activity (exercising, playing, or being involved in sports). In addition, participants completed a similar grid on which they reported, on an hourly basis, television viewing time (including time spent watching videos or playing video games). The average daily time spent in each activity was computed as a weighted average of the school day and weekend day reports. Average daily time spent walking and in vigorous activity were combined and weighted by their intensity (using an MET value) to create an activity index, which was calculated as 2.5*walk+5.5*vigorous. Average daily time spent sleeping or lying down, sitting, and standing were combined and weighted by their intensity (using an MET value) to create an inactivity index, which was calculated as 1.5*sit+1.5*stand+1.0*sleep. Information on the reliability of this physical activity assessment protocol has been published elsewhere. 28 In this cohort, the correlation between baseline nonresting energy expenditure and baseline physical activity index was 0.29.
Analysis
Dietary variables
The exposure of interest was dairy food intake, which was expressed in several different ways. First, total dairy food consumption was assessed using the following variables: (1) daily servings of dairy foods; (2) percentage of daily kilocalories from dairy foods; and (3) daily calcium (mg) from dairy foods. In addition, we also considered the percentage of calories from low-fat dairy foods and the percentage of calories from full-fat dairy foods. To better approximate normality, we took the natural log of dairy food servings and the square root of calcium (mg) from dairy foods. These transformed variables were used in all analyses. In our analysis of the percentage of daily calories from lowfat dairy, quartiles of consumption were used because the data exhibited significant non-normality.
Data exclusions
Dietary exclusion criteria were used to omit annual visits when participants left more than 12 items blank on the FFQ or when daily energy intake was less than 500 kcal or greater than 5000 kcal as calculated from the FFQ. In addition, participants with less than three annual visits were excluded. Therefore, this analysis includes data from 178 (91%) participants, representing 1198 data points, with an average of 6.7 measurements per girl.
Statistical analysis
Paired t-tests were used in the simple comparison of changes between baseline and exit. Generalized additive modeling (GAM) was used to visualize the relation between BMI zscore or %BF and our exposure measures. Although this technique ignores the correlation structure in repeated measurements, these plots allow one to visualize the general pattern of the relation and to assess the appropriateness of a linear model. GAM models were run separately for each outcome and predictor (data not shown). Linear mixed effects modeling (LME) was used to evaluate the longitudinal relation between relative body weight or body fatness and dairy food consumption. As we had two outcomes (BMI z-score and %BF) and five exposure variables (daily servings of dairy food, percent daily calories from dairy foods, dairy calcium, percentage of calories from low-fat dairy, and percentage of calories from full-fat dairy), 10 separate LME models were evaluated. The applied mixed effects model consists of two parts: fixed and random effects. Fixed effects describe a population intercept and population Dairy food consumption and body weight in girls studied longitudinally SM Phillips et al slopes for a set of considered covariates, which include exposures and confounders. Random effects describe individual variability in the outcome and changes over time. By considering individual random slopes and intercepts, this model allows us to examine the influence of covariates on the change in outcome over time. The LME model also accounts for the correlation between repeated measurements on the same subject and the different numbers of measurements per subject.
To control for possible confounders in the relation between either %BF or BMI z-score and the measures of dairy food consumption, the following strategy was used. Longitudinal models were evaluated to determine which potential covariates were significant predictors of both dairy food consumption and either %BF or BMI z-score. The following variables were considered: physical activity index, inactivity index, parental overweight (defined as at least one parent with a BMI 425), race/ethnicity (coded as two dummy variables for black individuals and 'other' with white individuals as the reference category), daily servings of fruits and vegetables, percentage of daily calories from sugarsweetened soda, percentage of daily calories from snack foods, percentage of daily calories from protein, percentage of daily calories from carbohydrates, and percentage of daily calories from fat. For models with BMI z-score as the outcome variable, age was expressed as chronological age; for models with %BF age was expressed relative to age at menarche. 29 With the exception of age and parental overweight, we included as covariates only those variables that were significant predictors of both the exposure and the outcome. This approach allows us to maximize the number of covariates and avoid the risk of overparamaterizing the model. Parental overweight was included in all models due to its strong longitudinal relation with BMI z-score and %BF. Data were analyzed using SAS (Version 8.0, SAS Institute, Cary, NC, USA) and S-PLUS (Version 4.5, MathSoft Inc., Seattle, WA, USA). Alpha was set at 0.05 for all analyses.
Results
Characteristics of study sample Characteristics of the cohort at baseline and study exit are shown in Table 1 . The cohort was predominantly white (74%) with an average age of about 10 y at baseline. The mean (s.d.) BMI z-score was À0.27 (0.89) at baseline, reflecting the study entry criteria. Significant increases in %BF and BMI z-score were observed between study entry and study exit. The correlation between BMI z-score and %BF was 0.75 (over all available time points). At baseline, the mean Relation between dairy food consumption and changes in BMI z-score. After adjusting for covariates, we found no statistically significant relation of dairy food consumption, expressed as servings per day, percent of daily calories, or calcium from dairy foods, with BMI z-score (Table 2 ). In addition, no significant relation between the percentage of calories from low-or full-fat dairy and BMI z-score was observed (Table 2) .
Relation between dairy food consumption and changes in %BF. There was no significant relation between daily servings of dairy foods or percentage of daily calories from dairy foods and %BF (Table 3 ). In addition, no significant relation between the percentage of calories from low-or fullfat dairy and %BF was observed (Table 3) .
Discussion
The role of dairy food and calcium consumption in relation to weight control has received increased attention in the scientific and popular press. Our data do not support the hypothesis that a higher intake of dairy foods influences body weight or fatness changes during adolescence. Using longitudinal data collected annually over a 10-y period, we Dairy food consumption and body weight in girls studied longitudinally SM Phillips et al observed no significant relation between dairy food intake and changes in BMI z-score or %BF over the adolescent period.
To our knowledge, this is the first truly longitudinal analysis of the relation between dairy food consumption and body weight status conducted in children to date. Other studies have generally shown either an inverse relation of dairy or calcium consumption with measures of body fatness and weight or no effect of dairy or calcium consumption. There is considerable heterogeneity among the studies published in this area thus far. Different methodologies used to assess body composition (DEXA vs BIA) and dietary intake (diet record, diet recall, and FFQ) may explain discrepancies among studies. In addition to heterogeneity in the assessment of dietary intake and body composition, studies vary in the number and type of variables used as covariates. For example, there is an inconsistent expression of calcium intake across published reports. It has been expressed as energy-adjusted calcium (Ca (mg)/daily calories), 22 proteinadjusted calcium, 21 and as a separate variable with energy intake included in the model as a covariate. 20 In addition, studies vary in the extent to which other dietary covariates are included in regression models. Observational studies in children have reported significant inverse relations of dairy and calcium consumption with measures of body composition. Carruth and Skinner 24 conducted an analysis of longitudinal intakes (24-60 months) of dairy and calcium intake in relation to body fatness at 70 months in 53 preschool children. They concluded that calcium and dairy food consumption, expressed as calcium equivalents, were significant negative predictors of %BF and fat mass. In their analysis, however, intake was expressed as an average of the intakes at selected time points, rather than considering the pattern of change over time. Furthermore, their models, using %BF and fat mass as outcomes, were adjusted for BMI; the rationale for this choice is not clear, and would seem to make their results difficult to interpret. A case-control study of the predictors of obesity among 7 to 11-y-old Puerto Rican children observed that obese girls currently consumed fewer dairy foods than control girls, although the association was of borderline statistical significance (P ¼ 0.054) and no relation was observed among boys. 30 The relation between dairy food consumption and body weight or fatness has also been examined with experimental designs, with varied results. In a randomized controlled trial (RCT) to evaluate the effects of dairy foods on bone and body composition in 48 pubertal girls, Chan et al 4 observed no significant differences between the groups in %BF or body weight after 12 months of follow-up. Results of another study by Chan et al (published only in abstract format) indicated that when 50 children aged 2-8 y with low calcium intakes (o800 mg daily) were assigned to either a dairy supplemented group or a control group for 6 months, children in the control group gained body fat during the study, while children in the dairy group had no significant change in body fat. 31 In a randomized open trial of milk intake on energy and nutrient intake and body weight among older adults, subjects in the milk group gained 0.6 kg more than the control group (Po0.01). The authors hypothesized that the weight gain may have been due in part to the timing of the study, as subjects were enrolled in the study during the fall and winter. 32 A 16-week randomized trial in which obese patients were assigned to a control diet (800 kcal), an isoenergetic diet of milk only, or milk plus one designated food only, those on the milk-only diet lost more weight than patients on the milk plus food diet, and significantly more weight than patients on the control diet. The authors hypothesize that the weight loss effect of the milk-only diet may be due to its novelty. 33 Although an experimental design is optimal for isolating the effects of dairy or calcium on body weight regulation, such studies may not provide definitive evidence if they are conducted over a short period of time.
In a prospective cohort analysis to examine the association between dairy food intake and insulin resistance syndrome (IRS) among 3157 young adults, researchers found an inverse association between the development of obesity (BMIZ30 kg/m 2 ) and dairy food intake among those who were overweight at baseline (BMIZ25 kg/m 2 ). 23 In another prospective analysis, Lin et al 22 conducted a secondary analysis in 54 young women aged 18-31 y who were participating in a 2-y exercise intervention. 22 They found that intake of calcium (adjusted for daily calories) and vitamin A predicted changes in body weight and %BF (at 2 y); the coefficient of calcium was negative and the coefficient of vitamin A was positive. In addition, they observed an interaction between calcium and energy intake such that calcium predicted change in body weight only at lower energy intakes. 22 Because their analysis used a calcium intake that was averaged across all diet records, the pattern of calcium intake in relation to body composition change is not elucidated. Finally, Davies et al 21 re-evaluated data from five clinical studies with a primary skeletal endpoint to explore associations between calcium and body weight. In two crosssectional studies, they found a negative association between BMI and calcium intake, where calcium intake was expressed as a calcium-to-protein ratio. In two longitudinal studies with weight change as the outcome, they observed no significant effect when the studies were evaluated separately; when they were combined, however, there was a significant inverse relation between calcium and change in body weight. 21 We believe our approach has several strengths. Our analysis relies on a large number of annual measurements taken repeatedly over the adolescent period. The analytic approach selected allows us to capitalize on the richness of these data by characterizing individual variation relative to the population mean while taking into account the correlation between repeated measurements on the same subject and different numbers of measurements per subject.
Dairy food consumption and body weight in girls studied longitudinally SM Phillips et al Furthermore, additional analyses conducted in this cohort indicate that both the FFQ and BIA provide good estimates of dairy intake and percent body fat, respectively (see Methods). Percentage body fat was estimated using a prediction equation developed in this cohort, using measures of TBW by isotopic dilution of H 2 18 O as the criterion method. 27 Finally, we believe that type II error is unlikely, given the statistical power of the analysis. Our prestudy sample size estimates were based on a simple prepost change in body fatness. Since the additional time points in a longitudinal analysis provide greater precision, we repeated the power calculations to account for the additional measurements on each subject. 34 For daily servings of dairy and percentage of daily calories from dairy, we need at least 80% power to detect a difference in BMI z-score slope of 0.05 and over 99% power to detect a difference in %BF slope of 0.50%. Our analysis also has some important limitations. All dietary methodologies are subject to measurement error and differential reporting of food intake is a concern in any study examining the relation between self-reported food intake and body weight. Indeed, many studies that have observed either no difference in energy intake between the obese and nonobese, or lower energy intakes among the obese have been criticized for this reason. Perks et al 35 compared energy intake estimated by FFQ with total energy expenditure (TEE) measured by doubly labeled water (DLW) in children and adolescents. They found that energy intake reported on the FFQ and energy expenditure by DLW were similar. However, discrepancy in energy intake was related to body weight and percentage body fat. 35 Differential reporting of specific foods is more difficult to study. However, we believe that dairy foods are more accurately reported than other foods on an FFQ because they tend to be eaten habitually and in readily quantified amounts. Dairy food consumption in this cohort appears higher than dairy food consumption reported in a nationally representative survey. Data from CSFII, based on diet recall, indicate adolescent females aged 12-19 y consumed an average of 269 g of milk and milk products per day, compared to 428 g of dairy products consumed in our cohort at study exit based on FFQ. 9 As a result of the differences in methodology, it is not possible to assess directly whether dairy intake in our cohort is representative of girls nationally. Lastly, our exclusion at baseline of any girls who were already overweight allows us only to examine the role of dairy foods on weight or fatness changes in initially normal weight preadolescent girls. Thus, we cannot address the influence of dairy consumption on weight and fatness changes in initially overweight girls. An important consideration in assessing the results of these observational studies and intervention studies designed with primary skeletal endpoints is that none were designed with the intention of studying the relation between dairy food intake and body composition. Indeed, as noted by Heaney et al, 36 there have been few studies published that explicitly test the effect of calcium intake on body weight.
Results of a 24-week RCT in humans, presented in abstract format, found that obese subjects who were supplemented with calcium or dairy products lost more weight than subjects randomized to a lower calcium diet. In addition, the weight loss effect was greater among subjects randomized to the dairy food group than the calcium supplement group. 37 Our results add another piece of evidence to the extant body of knowledge, which remains mixed. Further elucidation of the role of calcium in the regulation of body weight necessitates carefully designed observational, or perhaps experimental, studies conducted over longer periods of time.
